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Project Management With CPM
by

Tariq Haroon Ahmad

SYNOPSIS

This report basically reviews the methods and techniques
of Critical Path Methods and their application to a con-
struction project. It is divided into two parts, the first
one deals with the theory of the c¢ritical path methods and
the second the illustration of these CPM techniques when
applied to a construction project which was actually carried
out in Pakistan. Results obtained from the numerical example
are compared with the ones originally available. Three computer
programs have been used for calculation purposes. Hand cal-
culations for finding the critical path are perforwed so as to

check with results cbtained by computer.



PURPOSE AND SCOPE OF STUDY

This report, "Project Management With CPM'", is basically
a review of the methods and-techniques of the CPM. A con-
struction project which had been executed in Pakistan about
four years ago has been selected to illustrate the incorpora-
tion of some of the basic principles of the Critical Path
Methods. The results obtained from this study provide a
basis for comparison with the ones originally available.

The purpose of this report is to describe the CPM
managements methods in an orderly manner and to describe
their advantages when this approach is applied to construc-
tion projects. These methods emphasize that with the use of
CPM the project is executed in an orderly and efficient manner
thus resulting in savings of moderate funds and time. From
the study it is inferred that CPM cannot be applied success-
fully until the persons responsible for its application have
a sound, practical experience and a good construction judg-
ment, but still, if applied with competency it provides a
better picture of-the job, pinpoints the problem areas before
their occurrences and ievels out the available resources
thereby resulting in cost control. 1In a nutshell, the use
of CPM results in efficiency, economy and saving of time.

The reason for selecting a particular project for the
numerical example for the illustration of CPM techniques is
because of the fact that the author had the opportunity of
personally viewing the execution of most of the operations,

thus enabling him to have the necessary practical experience



required for the determination of the network logic. Without
having this practical experience and the necessary insight
into the project it becomes quité difficult for the planner
to sequence the operations as is described in the preceding
paragraph. Computer programs furnished by Prof. Rosebraugh,
Prof. Bissey and Prof. Goddard are used for performing the

CPM calculations in this numerical example.



INTRODICTION

CPM (Critical Path Method) is only an information
generating process which can yield results that can aid the
contractor in the planning, schedﬁling and controlling the
construction of a project with his forces and their experience.
In other words, it is a technique which aids construction
management in planning, scheduling and controlling the build-
ing of any type of project. This report describes the use
and application of Critical Path Method in scheduling and
planning and its use as a management tool in the construction
industry. It focuses on actual construction process showing
CPM in action from start to finish on a project. The scope
of construction includes not only the building phase, but all
of the activities which interrelate to result in decision to
proceed with a facility, its design, review, contractual
arrangements and finally, actual construction. Many innova-
tions which further enhance the value of critical path usage
for job planning and control for simple and complicated projects
are being developed with the passage of time. CPM as a tool
is not limited to specific projects but can be utilized through-
out for plant maintenance, refinery operations, highway plan-
ning, and construction and many other areas. Thus, CPM is a
disciplined concept representing the sequence of a project
logically.

At first, CPM was used primarily in the construction
industry. 1In fact, construction is still one of the areas

of most frequent applications of CPM. Although the first



users of CPM did little more than construct arrow diagrams
and plan and schedule their projects accordingly, they
immediately realized the benefits of this new approach.
Project managers found, for example, that they had a clear
picture of the project, readily communicable to everyone
including new personnel, and they could receive timely and
accurate data as the basis of sensible decisions.

With the usage of CPM it became apparent that the
principles of network analysis were applicable to projects
in industries other than construction. Soon, projects of
varying types were being partially planned and controlled by
this unconventional method. CPM was accepted as a new way of
thinking. Management began to work with precise increment of
time on projects and to develop alternative plans in which
time was considered by itself, than with respect to other
resources. These other resources include men, equipment,
materials, working area and money.

Possibly the most important advantage resulting from
usage of CPM is that management has clearly defined for itself
the genuinely separate functions of planning and scheduling.
Management has also realized that CPM is an effective means
of control. Thus, CPM has been accepted for a wide variety

of projects.



DISCUSSION

The overall purpose is to suggest that the use of CPM
will provide maximum advantage for top management, project
management, job superintendents and the working foreman.

The CPM is a relatively new tool that is gaining wide accept-
ance. Due to its increased use, additional techniques and
modifications are continually improving the overall aspect
while making apparent the full potential of CPM as a planning
tool. The adﬁantage of this new system is the effectiveness

in controlling, staffing, manpower, procurement, cost control,
etc. Once the basic benefits are understood the money invested
in the use of this tool can be justified. A thorough knowledge
of the project is acquired when the participants prepare a

CPM arrow network. A typical network requires separating the
job into understandable components and establishing their
logical sequence and interrelationships. Preparation of CPM
necessitates acquiring and understanding the information for

a full range of operation which involves design, procurement,
shipping, construction and testing. This in itself has
considerable value for the project engineer giving him broader
view of the situation that can arise, as well as those which
will control the total job duration.

After the engineer completes his network and establishes
the critical path including float times for various opera-
tions, he then gains the additional knowledge which enables
him to predict accurately the items that will require very

close scrutiny and control for maintaining the established



job completion date. The engineer must also understand and
recognize the implications of float times and their importance
within the network.

There are many means of presentation that could be
utilized. Some of these methods have an advantage for the
management while others apply to the job foreman. To the
top management or the foreman, an arrow diagram means very
little. However, to an engineer who has prepared the schedule
it denotes the obvious logical sequence of operations and
indicates their interrelationships.

In the past, critical path scheduling and planning have
been termed as tremendous by one set of users and impossible,
impracticable and unusable by others. Attempting to look at
the reasoning behind this wide variety acceptance, we can
only come to the conclusion that it is highly dependent on
the use and application. One major factor is fhat CPM is a
guide and all users must therefore faithfully follow what
has been established. Should deviations occur in items that
are critical, it will extend the total job duration. During
early use of critical path scheduling, the prepared schedule
was normally ignored and the work proceeded at its leisure.
This created problems since no attempt was made to apply the

knowledge of critical item control.



HISTORY OF CPM

CPM development was initiated in two parallel efforts.
They were different in origin and were designed as the
procbabilistic approach and the deterministic approach. The
probabilistic appeared in the form of PERT (Program Evaluation
Review Technique). PERT was developed for the U.S. Navy and
provided a tool to control the planning and construction of
the fleet ballistic missiles program. The system’é major
variable was estimated completion time. The U.S. Air Force
adopted essentially the same procedure with modification and
called it PEP (Program Evaluation Procedure). Since then
many modifications and revisions have been made with the large
companies preparing their own forms and introducing new
techniques.

The deterministic case was much more suitable for con-
struction application since it considered both cost and time
as contrelling variables. The initial effort for this case
was accomplished by E. I. DuPont in 1956, along with Univac
DPivision of Sperry Rand Corporation. They developed a project
planning and scheduling technique based on network analysis
and applied it to a refinery renovation project. This tech-
nique was called Critical Path Planning and Scheduling {(CPS).
Later on, big cencerns applied the newly developed technique
to their huge projects and realized the potential in the new

concept.



THEORY OF CPM

WHAT IS CPM?

CPM is a system for planning, scheduling and controlling
a project. In CPM the steps or operations necessary to com-
plete the project are shown in a graph called NETWORK. The
network also shows the order in which the operations must be
completed, which activities can be done together, and which
activities must follow the other activities.

When the network is complete, the planner estimates how
long it will take to do each operation. Obviously, the time
for completing the entire project is not the sum of individual
operation times, since some operations can be done at the
same time. Actually, a small number of operations control
the project completion time. These operations are called the
critical operations as they form a chain through the network
called the CRITICAL PATH. This is the origin of the term
'Critical Path Method'. The critical path determines the time
necessary to complete the project.

By the use of Critical Path Method we get meaningful
answers to such questions as:

1. How long will the project take? Can we meet our
contract completion date?

2. If there is delay in one activity will the entire
project be delayed? 1If so, by how much?

3. What is the most economical way to speed up the
project?

4. How can we tell whether we are on schedule? If not,

is there still time to take corrective action?
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5. How can we schedule our manpower to avoid excessive
ups and downs without delaying the project completion?

6. How can we schedule material deliveries so as to
have things on the job when needed, but avoid costly storage

for long periods?

WHEN CAN CPM BE USED?

To be able to use CPM, the project must have a definite
beginning and a definite ending. It must also be made up of
a series of smaller jobs or operations that must be done in
an orderly sequence to complete the project. A good example
is building a house; the foundations precede the walls, the
shingle must follow the roof boards, etc. Construction
projects of all types lend themselves to CPM scheduling and
the construction industry was among the first to make wide-
spread use of the method. CPM 1s equally suitable for planning
any of the following projects for example:

1. Introducing a new product.

2. Research and development projects.

3. Assembling a large piece of machinery or aircraft.

However, size and approach of CPM analysis is limited only
by ingenuity of the user. The dollar size of the project is
also a guide in determining which projects should be diagrammed.
The primary considerations are the complexity of the project

and the degree of coordination required in implementing it.
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NETWORK CONSTRUCTION

NETWORK

The arrows are arranged to show the plan or logical
sequence in which the activities of the project are to be
accomplished. In other words, one has to decide what activ-
ities precede a particular activity, what operations are
concurrent and what operations must follow other operations.
The resulting logical flow chart is a network of arrows
usually referred to as the arrow diagram or network. The
heart of CPM is the network diagram. This is a graphical
picture of the project showing each step or operations and
the relationship between the steps. CPM can be a powerful
management tool or a total waste of time, depending upon the
care with which the network is prepared. To draw a correct
network the requirement is familarity with the project,
patience and knowledge of a few simple rules.

Drawing the arrow diagram completes the first phase of
CPM. Preparation of arrow diagram forces one to think through
the project completely and determine just what the sequence
of operation would be. It provides a readily understood
picture of the project which is useful in briefing the people
directly responsible for job execution.

An important aspect of the network is to decide just
how detailed the network should be. Several factors are
involved. The first consideration is the purpose of the

network. If it is to be used for preliminary planning it



X2

usually contains fewer items. On the other hand, it if is to
be used for day to day control of the project it involves
considerable detail. 1In general, for reporting to higher
management the diagram should be simpler and less detailed as
compared for use at field lewvel.

The network of this report is simple in approach so as to
help the reader in understanding the fundamentals and their

applications.

TIME ESTIMATION

The dimension used for CPM analysis is project completion
time. Any convenient unit can be used but it must be consistent
throughout the metwork. The unit is usually in days which is
adopted in this report. Full time units are generally used in
CPM.

"Once the project has been divided into its elements, the
next step is to estimate the time, or duration of each operation.
To estimate the time duration for an activity the estimator
assumes a normal work crew. This normal crew may be the optimum,
but it could be larger or smaller. A normal crew size has been
the consideration in estimating the event time in this report.
Time estimates depend on a variety of factors such as:

1. Type of Work
. Quantity
. Working Conditions
. Location
. Climate
. Tools and Equipment

Level of Worker's Skill
Degree of Supervision

o~ EWLN

Above all the experience and the breakdown of the project
into simpler components makes it relatively easy to estimate

the durations.
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CPM_COMPUTATIONS

The following parameters are calculated as described

below in order to determine the completion time of the

project and the critical path or chain of critical operations.

EPO

EFT

LPO

LST

EST

EF

The Earliest Possible Occurrence of a node is

the earliest possible time for starting all
operations that originate at that node. To find
EPO of all of the nodes on an arrow diagram, we
first assign an EPO = 0 to the first node on the
diagram (Node numbered 1). The EPO for each of
the remaining nodes is the maximum of the EFT's

of all the operations that terminate at that node.

The Earliest Finish Time of an operation is the
sum of the EPO of the node at the start of the
operation plus the duration of the operation.

The Latest Possible Occurrence of a node is the
latest possible time that all of the operations
that terminate at that event can finish without
causing the project duration to exceed the value
originally calculated with the EPO's. This fixes
the value of LPO of the last node. LPO of the
last node is equal to the EPO of the last node
since this is the completion time of the project.

The Latest Start Time of an operation is the LPO
of the node at which it terminates minus its
duration. 1In general, the LPO of a node is the
minimum of all of the LST's of the operations
that originate at the node in question.

The Earliest Start Time is the EPQO of the begin-
ning node of an operation.

The Latest Finish Time is the LPO of the ending
node of an operation.

Free Float of an operation is the amount of time
that the operation can be delayed or lengthened
without affecting the EPO of any node on the
arrow diagram. Free Float is calculated as the
difference between EFT of an operation and the
EPO of the node at which it terminates.

The Total Float of an operation is numerically
equal to the LST of an operation minus the EST

of the same operation. Total Float is the length
of time that an operation can be delayed or ex-
panded without affecting the completion of the
project.
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CRITICAL PATH

The Critical Path is the chain of operations whose
duration determines the overall ﬁroject time. Any operation
not on the critical path has a slack or float time. To
find the critical path by using an arrow diagram, duration
is added to the earliest start time to find the earliest
finish time, and the latest of the earliest finish times
becomes the earliest start time of the following operations.
In working backwards through the network we subtract dura-
tions from the latest finish times to find the latest start
times and choose the earliest of latest start times as the
earliest finish of the preceding operations. EFT, LST, EST,
LFT, FF, and TF are calculated as per their definitions
described earlier.

- From the results of above computations it is observed
that critical operations are those that have Free Floats of
zero, however all the operations with zero Free Float do not
control the project duration. The operations that do control
are the ones that have zero Free Float and form a continuous
chain or path, starting at the first node and ending with
the last node. Another condition for the operation to be
on the critical path is that Total Float of that operation

should be zero.
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RESQURCE SCHEDULING

Resource Scheduling method determines the levels of
resources which must be scheduled in order to implement
the plan and also alters the CPM plan in an efficient way
in order to convert it to a usable CPM plan. This solution
re-sequences the operations such that preset level of
each resource is not violated and such that this re-sequenc-
ing increases the project time of unacceptable CPM plan in
a minimal way.

The following data are required:

1. The amount of each resource required to complete
the operation in the specified duration.

2., Maximum level of each resource.

CALENDAR DAY CONVERSION

The schedule may be converted to calendar dates by
relating time zero to nodel. By knowing the starting date
and relating it to node 1 and assuming work week of 5 ~ 6 =
days the dates pertaining to EST, EFT, LST, and LFT can be
calculated. This helps in correlating time with the weather

conditions prevalent at specific times.
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UPDATING

This aid consists of planning and scheduling what
remains of a project by placing the latest information
concerning the project onto the original arrow network.

The reason why updating is done is because of the fact that
some operations may have completed on schedule, some may
have taken a shorter time and some may have taken a longer
time to complete, so to check the progress at a certain time
and reschedule the remaining operations this calculation is
performed.

Calculations are done in the following manner:

1. The durations of the operations which have been
completed at the time of the update are set as zero.

2. The EST of the completed operations are set as
the time of update.

3. Estimated durations of the operationsrwhich are in
progress are calculated.

4. For the operations which have not yet started, the
durations remain unchanged. 1f the planner wants to re-
schedule, they could be done at this stage.

5. With the help of the above information project
completion time is calculated. 1If it is not in accordance
with the schedule, critical operations are compressed and
more resources are aimed at these operations so as to enable

the project to finish on time.
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CPM_AND COST CONTROL

All the CPM techniques discussed in the preceding
pages were based on time dimension alone. However, money
which is vitally important has to be tied to the CPM to
make its application more fruitful. CPM does not offer any
replacement for cost estimation and hence, the traditional
methods of estimation are employed. Costs are assigned to
each activity which helps a great deal in progress payments
as it places progress evaluation on a well defined basis--
activity completion rather than the traditional percentage
estimates. Project costs are set up on the basis of CFM
activities and the actual costs of work to date are compared
with the cost estimates which are used in monitoring the
project moneywise. CPM cost techniques also help in cost
forecasting, i.e., time and cost dimensions are combined to
forecast the rate of spending on a project. Cost expediting
is another feature of CPM, i.e., in order to keep a project
on schedule certain critical activities have to be shortened
in duration but in such a manner that the increments in costs

are in a minimal way.
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STEPS INVOLVED IN AN ANALYSIS
OF A PROJECT WITH THE USE OF CPM

Following are the steps involved in the analysis of
a project:

1. The project is analyzed, that is, broken down into
activities or operations according to the required level of
approach, e.g., for field level or management level.

2. The nmetwork is constructed showing the logical
sequence of operations and their relationships.

3. GComputations are performed to locate the Critical
Path (the chain of interdependent operations that determire
the duration of the entire project).

L. Analysis and evaluation of. results obtained from
Step 3 are performed which helps as a check and also discloses
possible ways of improving the proposed project plan and
schedule, i.e.,

a. analysis via operation breakdown.

b. analysis via resource allocation.

c. analysis via completion time.

d. analysis via calendar day conversion.

5. Schedule which is determined is used to control
and monitor the job progress.

6. Revision and updating of schedule is done period-
ically on account of unforeseeable factors which affect the
progress.

7. Resources Scheduling is applied to determine the
best possible schedule, keeping in view the limited resources

available,



8. Cost controls and cost expediting methods are
used to keep the project execution cost as economical as

possible.
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ADVANTAGES OF CPM

1.

A Disciplined Approach to Planning:

The network diagram shows the relationship between
various jobs that constitute the project. It shows the
dependency of one activity on another. This provides a
much better picture of the job than was possible by a
bar chart or other scheduling device.

More Effective Planning:

The use of CPM gives a better definition of the scope
of work. It forces the Project Manager to think through
the job thoroughly to completion. It demands careful
detailed planning. This fact alone justifies the time
spent on this system.

Separation of Planning and Scheduling:

In CPM, planning is separate from scheduling. This
is a key feature of the method. Planning is the process
of analyzing the project, breaking it down into the steps
or operations necessary for its completion and finding
the order in which these steps must be done. The results
of planning appear on the diagram itself. The network
also functions as an aid to the planning process since
it forces the planner to clearly define each operation
and its proper relationship to all the others.

Scheduling introduces the element of time. First,
the time necessary to accomplish each operafion is
estimated. With this information the critical path is

located and then a schedule is established for the
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remaining activities. The result is a complete schedule
for the entire project.

Tdentification of Critical Work:

1f properly applied it pinpoints the potential
problem areas and bottle necks before they occur.

Tmprovement in Communications:

As soon as personnel are trained in its use, CPM
provides an easily understood graphical model of the job
which can be constructively reviewed. It also provides

a ready frame of reference for discussion between the

parties concerned, such as the owner, contractor, engineer,

architect and material suppliers. This proves to be an
effective, timely liaison for job progress and control.

Resource Allocation:

Through CPM the planner is able to determine the
most effective use of personnel, equipment and other
resources. Overtime can be reduced or confined to the
jobs when it will do the most good. Undesirable peaks
and valleys in manpower requirements can be leveled out
thereby resulting in cost control.

Study of Alternate Courses of ‘%ction:

A powerful use of the method is in providing manage-
ment with means of studying different courses of actiom.
Fer example, contracting out certain work as compared
to doing the work with forces. This type of study is
known as Simulation. Tt gives the management the basis

fer making an intelligent choice between alternatives.



Management by Exception:

By identifying the critical operations, CPM focuses
attention on those jobs that control overall completion
time. Further, CPM defines just how far each of the
other jobs can slip behind schedule without affecting
overall progress. This permits true 'Management by
Exception'', since management can concentrate on key jobs.
At the same time, limits are set up for the remaining
jobs that must be met if the project is to be completed
on schedule. Any slippage beyond these limits immediately
signals the need for management attention.

Tool in Decision Making:

Another application of CPM is the simulation of an
alternate course of action. Various methods may be under
consideration for accomplishing same phase of the project.
CPM provides a MODEL of the project that is useful in
comparing these alternatives. For example:

1. Evaluation of proposals with different delivery
dates.

2, BEvaluation of proposals of subcontracting or
executing the contract themselves.

3. Ewaluation of proposals of hiring additional
personnel, overtime, etc.

In design, various materials present differing
problems of delivery, fabrication or erection times.
Time is an important factor in the choice between
materials or types of design. CPM provides an effective

and realistic tool to aid in a decision of this type.
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LIMITATIONS OF CPM

The 1listing of all the advantages possible from the use
of CPM should not blind us to its limitations. CPM is not
a substitute for thinking or planning. On the contrary, to
be successful it requires the most careful, precise planning
and derands that every step of the project be thought out
more Tiitlly than ever before.

CPM requires the wholehearted support of management
and active participation by the people who will direct the
work. A common mistake is to turn over the scheduling to
a 'Staff Expert' or an outside consultant and hope that
something worthwhile would result. The project manager and
his staff must be a part of the planning process.

To obtain maximum effectiveness, CPM should not be
confined to the preliminary planning stages of the project.
It should be used throughout the job to monitor and control
the work unitil completion. However, CPM itself furnishes
only information. It needs prompt, effective action by
people to keep the project on schedule and compensate for

changes and delays.

DEVELOFMENT AND USES OF CPM

This report is primarily concerned with the theory and
a2 few applications of CPM for a construction project, but
there are new techniques and modifications that have been
incorporated into programs enhancing and increasing the value

as described in the introduction and the discussion. Recent
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introduction is the computer approach for the solution of
projects. With present day organizations there are computer
service departments which prepare all forms of computer
applications for engineering. One of the functions of one
such department has been to prepare a critical path program
from other programs already available to achieve the latest
in programming techniques.

Programs are available for:

1. Dated Bar Chart

. Man Scheduling

. Critical Path Method

. Special Updating Features

2
3
4. Dating a Critical Path Network
5
6. Resource Scheduling

7

. Least Cost Estimating and Scheduling
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NUMERICAL EXAMPLE

DESCRIPTION OF THE PROJECT

The project 'Construction of a Bungalow' was carried
out in Pakistan in 1970-1971. The bungalow is located in
Defense Housing Society and is built on a plot of 1,000 sq.
yards. The covered area is 336.11 sq. yards. It is a single
story house with four bedrooms with attached baths, one living
room, dining room and a kitchen. The other construction
items include a garage, boundary wall, an underground water
reservoir and an overhead water reservoir. The frame of
the house is of reinforced cement concrete, while the walls,
etc., are of block masonry. 1t is founded on isoclated
footings. A grade beam connects all the footings. The
respective sizes and dimensions of all the items are shown

in the following drawings (Fig. 1 to Fig. 4).
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ELEVATION

3 R.C.C. SLAB

|_Mosaic_FLOGRINGY
' |

(-E'ART'H FILL 2 HG.

SECTION A-A

[ Tz 1
@

PASSAGE ”

3"R.C.C. SLAB

FIRST FLOOR PLAN

FIG. |

yaizen

SECTION B-B
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U.G.T. BATH BAlTH_"
' %10'X6' 9'X6 BED 75'X
B Rloxg 16'x13 16'x 13
. ED il DRESS
4 55'%x 7
DINING KITCHEN BE. I —
' 16’ X 14' 13' X 14' Wb —
| —
—
BED BATH
DRAWING 13’ X 16' 6'x9
24" X 14 _
T
I DRESS
' 6x7
5 1 |I
STAIR 24'x 8'
NS
{
| el O
GUEST BED : lt
g I3 x1s ’ ! D
i1ly
Ity
} WH O
‘;fi‘i E

GROUND FLOOR PLAN

FIG. 3
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SCHEDULE OF R.G.C.

. SLA
RC.C. SLAB 6" THICX 0.5" DIA. BARS 6" C/C.

. R.C.C. BEAMS
Bl. RC.C. BEAM. 42' X 6" 8 BARS 5/8" DIA.
g2. " i 42"%X 6" & mss/a DIA.
B3. " " 42" x 6" 4 BARS 1/2"DIA.

R.C.C. COL. 6" X 18" 4 BARS 1/2" DIA.

SCHEDULE OF AREA

TOTAL AREA OF PLOT. 1942.00 SYD.
ALLOWABLE BUILD-UP AREA. 647.33 "
PROPOSED COVERED AREA. 336.11 3

L3 L1 r [1] -JA’JE=
A. 36'-0" X'50-6" = I818.00 SFT. o
B. 9-6" x T7-0": 6650 " cc JALI
c. 33.0" x 13-6" = 44550 " R Wt o
D. 9-0" X 29-0" = 261.00 " 3/; 6"C.C. BLOCK WALL
E. €-6" x177-0" = t10.50 " 4—ll_-9"x9"cc.cot.
F. l::-o" X 4'-5: z 67.50 " j-2'
6. -0" x14'-0" = 112.00 ° oz sn'u
M. 25-0" x 3'-0" = 75.00 " 2-0] -n[
J. 11I'-8" x &-0" = ss.0o0 " “i"‘s“ |: jCC BED
TOTAL COVERED AREA 3025.00 SFT.

OR 336.11 S$YD. SEGC. OF WALL &
ell

'1'—*'" 6"R.C.C. SLAB 2-3/8"DIA. BARS ON TOP

- ek \/4" Duk; @6” /C. RC.C. COL-18"

. 4-5/8" DIA. BARS b 3 3
, 2'DPC,
SECTION R.C.C. BEAMS :

T Al
S

4
.B

—

SEC. RCC. COL. DETAIL R.C.C. COL.
FIG. 4
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FINDING THE CRITICAL PATH AND COMPUTATIONS OF EARLY
START, LATE START, EARLY FINISH AND LATE FINISH TIMES
Once the arrow network has been constructed as shown in

'Fig. 5a to Fig. 5i and the durations specified, the critical
path, early start, late start, early finish, total float and
free float are determined with the help of a computer program.
The results are tabulated under Table 2. Another program is
used to sort out the activities in a sequential order with re-
spect to time, i.e., according to early start times, late
start times and late finish times and the output is listed in
Tables 3a to 3f. Calculations are also performed by hand
in order to check with the results obtained by computer and

they are listed under Table 1.
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35,

DATA ACTIVITY LIST

DESCRIPTION

2

Move 1In

Survey, Layout and Mobilization

Rough Grading

Overhead Pole Line

Underground Piping from Main Line

Water Tank Foundations

Excavations for Sewers and Manholes

Pull In Power Feeder

Connect Piping

Erect Water Tank

Install Sewers and Manholes

Install Control Panel Box

Tank Piping and Walls

Backfill

Building Layout

Excavation Ungr. Water Reser.

Excavation Boundary Wall

Purchase & Delivery of Aggregate & Steel

Lead Time

Excavation Foundations Isolated Footings

Dummy

Dummy

Excavation Grade Beams

Dummy

Dummy

Lead Time

Lead Time

Pour 4" Thick Conc. Slab for Footings

Pour Grade Beams Base Layer

Pour Conc. Base for Boundary Wall

Pour Conc. Base for Ungr. Water Reser.

Place Reinf. for Footings

Formwvork Grade Beams

Install Block Masonry Boundary Wall

Place Reinf. for Base Slab & Wall Ungr.
Water Reservoir

Formwork Isolated Footings

Pour Grade Beams

Curing Boundary Wall

Formwork Wall Ungr. Water Reservoir

Pour Conc. Isolated Footings

Strip Formwork

Cure Grade Beams

Plaster Boundary Walls

Pour Base Slab & Walls Ungr. Wtr. Reser.

Strip Formwork Isolated Footings

Cure Footings

Dummy

Damp Proofing of Plinth

2
2C
o Nw
s ™

HH@mwmmtum‘

o
= OoMN

B B o B W B 9 W W W

CoNounmEFRFFFRFLONH

2

[l
NHOQO

-8
[l el wll
WM

?

13,14
13,15
13,19
13,16
13,18
14,19
15,19
16,17
17,19
18,19
19,20
19,21
19,22
20,23
21,24
21,25
22,26
23,27
24,28

25,29
26,30
27,31
28,32
29,33
30, 34
31,35
31,36
32,37
33,38
34,40
34,41
35,36
36,39

40
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49,
50.
51.
32y
234
S4.
55.

57.
58.
59.
60.
61.
62,
63.
64 .
65,
66.

67.

68,
69.
70:

71.
72,
73.

74,
15
76.

74
78.
79.

80.
8l.
82.
83.
84,
8S5.

87.
88.
89.
90.

91.
92.

93.
94,
93.

DESCRIPTION

Curing Boundary Wall

Cure Base Slab & Walls Ungr. .Wtr. Reser.
Dummy

Dummy

Install Ungr. Slab Conduits

Install Ungr. Plumbing

Formwork Roof Slab Ungr. Wtr. Reser.
Dummy

Purchase & Delivery of Stone for Packing
Compact and Backfill

Place Reinf. Roof Slab Ungr. Wtr. Reser.
Lead Time

Pour Roof Slab Ungr. Wtr. Reser.

Strip Formwork Walls Ungr. Wtr. Reser.
Strip Formwork and Cure Roof Slab

Dummy

Stone Packing and Compaction

Coating Damp Proofing Material Ungr. Wtr.

Reservoir
Interior & Exterior Plaster & Curing
Ungr. Wtr. Reservoir
Backfill & Compaction (Ungr. Wtr. Reser.)
Pour Conc. Base Slab

Purchase & Delivery of Wood for Dr. Bucks,

Dr. Frames, Windows & Window Frames

Cure Base Slab

Install Block Masonry Walls up to 3' Ht.

Construct Dr. Bucks, Dr. Frames, Windows
and Window Frames

Install Conduits in Block Masonry Walls

Cure Block Masonry Walls

Install Dr. Bucks & Window Frames With
Metal Anchors to Partition Wall

Dummy

Erect Reinf. for Columms

Install Block Masonry Walls up to 7'
Height (Partition Walls)

Pour Lintels on Top of Window Openings

Formwork Columns

Cure Block Masonry Walls

Pour Conc. in Columms

Cure Lintels ‘

Formwork Roof Slab & Placing Reinf.

Formwork Roof Beams & Placing Reinf.

Dummy

Set Conduits in Beam & Slabs

Strip and Cure Columms

Pour Roof Beam and Roof Slab

Cure Roof Slab & Roof Beams

Strip Formwork Roof Slab and Roof Beams

Install Door Frames

Install Plumbing letures

Pull Wire

NODE
NO.

37,54
38,42
39,41
40,41
41,43
41,44

42,45

43,44
4k 49
44, 50
45,46
46,47
46,48
47,48
48,51
49,50
50, Sk

Si,52

52,53
53,54
54,55

54,57
55,56
56,58

57,58
58,59
58, .60

58,62
59,60
60,61

60,62
60, 64
61,63
62,65
63,68
64 .69
65,66
65,67
66,67
67,69
68,69
69,70
70,71
71,72
72,73
72.74
72,75

41

DURATIONS
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96.
97.
98.

100.
101.
102,
103.
104.
105.
106.
107.
108.
109.
110,
111.
112,
113.
114,
113,
116,
117
118.
119.
120.
121 .
122.
123.
124,
125.
126.

127,
128.
129.
130.
131.
132,
133.
134,
135.
136.
137.
138.
139.

140,
141.
142,

DESCRIPTION

Formwork Stairs

Install Window Frames
Test Piping Systems
Install Receptacles
Install Control Panel Box
Place Reinf. for Stairs
Dummy

Lead Time

Interior Plaster

Testing Interior Wiring Circuits, etc.

Pour Conc. Stairs

Install Ceramic Tiles in Toilets
Dummy

Mozaic or Terrazo Flooring

Lead Time

Install Hand Rails for Stairs
Strip Formwork and Cure Stairs
Cutting & Grinding Mozaic Floor
Dummy

Formwork Overhead Wtr. Reser.
Install Block Masonry Parapet Wall
Install Doors and Windows
Install Toilet Fixtures

Complete Balance of Woodwork

Place Reinf. for Overhead Wtr. Reser.

Dummy

Dummy

Dummy

Interior Painting

Pour Conc. Overhead Water Reser.

Exterior Plaster & Curing including
Overhead Wtr. Reser.

Roofing & Curing

Curing Overhead Wtr. Reservoir

Dummy

Install Cut stone

Install Furnishings

Install Electrical Fixtures

Polish Floors

Dummy

Exterior Painting

Dummy

Dummy

Interior Finishing Work

Complete all Exterior Work (Gate,
Garden, Lighting, Parking)

Dummy

Dummy

Punchlist

NODE
NO.

72,77
73,78
74,79
75,76
76,80
77,81
78,79
79,82
79,84
80, 85
81,86
82,83
83,84
84,87
85,94
86,88
86,89
87,90
88,89
89,91
89,97
90,92
90,93
90,95
91,96
92,95
93,95
94,95
95,101
96,98

97,99
97,100
98,103
99,100

100,102

101,104

101,105

101,106

102,103

103,107

104,106

105,106

106,108

107,109
108,110
109,110
110,111

42
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CRITICAL PATH SCHEDULING

Calculations performed by hand.
Activities on the critical path are indicated by *.

TABLE 1

NO. I J DUR EST LST EFT LFT TF

* 1 1 2 3 0 0 3 3 0
* 2 2 3 2 3 3 5 5 0
* 3 3 & 5 5 5 10 10 0
4 4 5 2 10 13 12 15 3

3 L 6 1 10 14 11 15 &

* 6 4 7 4 10 10 14 14 0
7 & 8 2 10 11 12 13 1

8 5 9 1 12 15 13 16 3

9 6 12 2 L 1.5 13 Ld 4

* 10 7 10 2 14 14 16 16 0
11 8 11 3 12 13 15 16 1

12 9 12 1 13 16 14 LZ 3

* 13 10 12 L 16 16 17 17 )
14 L1 12 1 15 16 16 L7 1

L5 12 13 2 17 17 19 1.9 0

16 13 14 4 19 30 23 34 11

* 17 13 15 15 19 19 34 34 0
18 13 19 2 19 32 21 34 13

19 13 16 5 1.9 22 24 27 i

20 13 18 5 19 29 24 34 10

21 14 19 0 23 34 23 34 11

* 22 15 19 0 34 34 34 34 0
23 16 17 7 24 27 31 34 3

24 17 19 0 31 34 31 34 3

25 18 19 0 24 34 24 34 10

* 26 15 20 5 34 34 39 39 0
27 19 21 5 34 35 39 40 L

28 19 22 i 34 L8 33 49 14

* 29 20 23 1 39 39 Lo 40 0
30 21 24 L- 39 40 40O 41 L

31 2 25 1 39 40 40 41 L

32 22 26 & 35 49 39 33 14

& 33 23 27 LS 40 40 55 55 0
34 24 28 15 Lo L1 55 56 1

35 25 29 2 4o 41 42 43 1

36 26 30 5 32 53 Ly 58 14

* 37 27 31 2 55 55 57 57 0
38 28 32 7 55 56 62 63 1

39 29 33 1 42 43 43 Ly L

Lo 30 34 1 Ly 58 Ls 59 14

41 31 35 1 94 63 58 64 6

* 42 31 36 7 57 57 64 64 0
43 32 I 8 62 63 70 71 1

Li 33 38 E 43 b4 Ll 45 1

45 34 40 L 45 65 L6 66 20

43
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DUR EST
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L5
58
64
70
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66
L6
66
66
51
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70
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*

NO.

98

99
100
101
102
103
104
105
106
107
108
109
110
1ll
112
113
114
L15
116
117
118
119
120
12)
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
41
142

110

DUR

L= N

- L
CQOVWVMULOUVLINPDULMULO FHFHFOMOOMNNDLN

= el - bt N =
QOOQOOOUMOUVMUNOULONOOHDODOONWL

—
Q

EST

179
174
179
174
179
181
181
181
176
191
195
206
182
177
177
221
178
184
184
236
236
236
189
245
246
197
246
191
189
189
192
209
209
266
266
266
214
214
276
271
276
229
286
239
286

LST

179
223
228
221
181
192
181
230
223
202
206
206
231
229
224
221
231
246
231
237
236
241
251
246
246
246
246
253
236
246
254
256
256
266
271
271
261
261
276
276
276
276
286
286
286

EFT

181
179
181
176
179
191
206
182
177
195
195
221
197
179
184
236
179
189
189
245
246
241
191
245
246
197
266
192
209
199
199
209
214
276
271
271
214
229
276
271
286
239
286
239
296

LFT

181
228
230
223
181
202
206
231
224
206
206
221
246
231
231
236
23k
251
236
246
246
246
253
246
246
246
266
254
256
256
261
256
261
276
276
276
261
276
276
276
286
286
286
286
296

Total Time on Critical Path fs 296 days.
Results obtained from hand computations agree with
the ones obtained by computer.
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MANPOWER LEVELING

Manpower Leveling computer program is used to level
out the available men requirements in an economical manner.
There are two programs in this system. The first one
computes the EST, EFT, LST, LFT, TF and FF and prints the
craft requirements as specified in the data. The results
are tabulated in Table 4. The other one, i.e., the Manpower
Leveling uses a trial and error algorithm. When all possible
improvement has been made, two reports are printed. The
first one gives a list of manpower usage by craft for all times
at which there is a change in manpower. The second gives a
schedule for starting the jobs in order to achieve the minimum
manpower fluctuation. Table 5 and Table 6 list the results.
The trial and error algorithm consists of two steps.
Step 1 distributes the float among various jobs. Step 2
tests for each non-critical job, whether moving to another
start date will decrease the manpower fluctuations. 1If so,
the job is moved. The program cycles through the network
until it goes through the whole network without any improve-

ment. At this point the outphase begins.



MANPOWER LEVELING

DATA:
CRAFT REQUIREMENTS:

l.
2.

24

27.
28.

29.
30.
31.

32,
33.
34,
35.
36.
37.
38.
39.
L4o.
41.
42,
43.

Move In
Survey Layout & Mobilization

Rough Grading

Overhead Pole Line

Ungr. Wtr. Piping from Main Line
Wtr. Tank Fdns.

Exc. for Sewers & Manholes
Pull in Power Feeder
Connect Piping

Erect Wtr. Tank

Install Sewers & Manholes
Install Control Panel Box
Tank Piping & Valves
Backfill

Building Layout

Exc. Ungr. Water Reser.

Excavation Boundary Wall

Purchase & Delivery of Aggregate
and Steel

Lead Time

Exc. Fdns. Isolated Footings

Dummy

Dummy

Excavation Grade Beams

Dummy

Dummy

Lead Time

Lead Time

Pour 4" Thick Conc. Slab for
Footings :

Pour Grade Beams

Pour Conc. Base for Bound. Wall

Pour Conc. Base for Ungr. Wtr.
Reser.

Place Reinf. for Footings

Form Work Grade Beam

Inst. Block Masonry Bound Wall

PL Reinf. Base Slab & Walls Ungr.
Wtr. Reser.

Form Work Isolated Footings

Pour Grade Beam

Curing Boundary Wall

Form Work Walls Ungr. Wtr. Reser.

Pour Isolated Footings

Strip Form Work Isolated Footings

Cure Grade Beam

Plaster Boundary Wall

FHRROONFOERN OFNE 00w OO0OCOFOOFOO W WNFHFHNFRONMEFOWNRND L W

Laborers, 1
1 Engineer
Laborers, 1
1 Engineer
Laborers

67

Technician,

Technician,

Helpers, 1 Electrician

Laborers
Laborers
Laborers

Helpers, 1 Electrician

Plumbers
Laborers, 1
Laborers, 1
Electrician
Plumber
Laborers
Laborers, 1
1 Engineer
Laborers
Laborers

Laborers, 1

Laborers

Laborers

Laborers, 2
Laborers, 3
Laborers, 3

Laborers, 2
Ironworkers
Scaffolding
Laborers, 2

Ironworkers
Scaffolding
Laborers, 2
Laborer
Scaffolding
Laborers, 2
Laborers
Laborer
Laborers, 2

Plumber
Mason

Technician,

Engineer

Masons
Masons
Masons
Masons
Men
Masons
Men
Masons
Men

Masons

Masons



CRAFT REQUIREMENTS:

Ly,

45.
46.
L47.
L8.
49,
50.

L.
52.
53.
54.
55.

56.
57.

58.
59.

60.
61..
62.

63,
64.
65,
66.

67.

68.

69‘
70.

71.
72,

73.
74,
73,
76.
77.

78.
79.

80.

Pour Base Slab & Walls Ungr.
Wtr. Reser.

Strip Form Work Isolated Footings

Cure Footings

Dummy

Damp Proofing of Plinth

Curing Boundary Wall

Curing Base Slab & Walls Ungr.
Wtr. Reser.

Dummy

Dummy

Install Ungr. Slab Conduits

Install Ungr. Slab Plumbing

Form Work Roof Slab Ungr. Wtr.
Reser.

Dummy

Purchase & Delivery of Stone for
Packing

Compact and Backfill

PL Reinf. Roof Slab Ungr. Wtr.
Reser.

Lead Time

Pour Roof Slab Ungr. Wtr. Reser.

Strip Form Work Walls Ungr. Wtr.
Reser.

Strip Form Work & Cure Roof Slab

Dummy

Stone Packing & Compaction

Coating Damp Proofing Material
Ungr. Wtr. Reser.

Int. & Ext. Plaster & Curing
Ungr. Wtr. Reser.

Backfill & Compact Ungr. Wtr.
Reser.

Pour Conc. Base Slab on Plinth

Purchase & Delivery Wood for Dr.
Bucks, Windows & Window Frames

Cure Base Slab

Inst. Block Masonry Wall up to
3' Ht.

Construct Door Bucks

Install Conduits in Masonry Walls

Cure Block Masonry Walls

Inst. Door Bucks & Window Frame
with Mtl. Anc. to Part. Wall

Dummy

Erect Reinf. for Columns

Inst. Block Masonry Walls up to
T HE.

Pour Lintels on Top of Window
Openings

5 N O NO NN FON NN O NHOOH HworHrNpE

2
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Laborers, 2 Masons
Laborers
Laborer

Laborers
Laborer

Laborer

Electrician

Plumbers

Scaffolding Men
Laborers, 1 Technician
Laborers

Ironworkers

Laborers, 2 Masons
Scaffolding Men
Scaffolding Men, 1 Curing
Man

Laborers

Laborers

Laborers, 2 Masons,
1 Curing Man

Laborers

10 Laborers, 4 Masons

W W WO HNDNDWw

Technician
Curing Man

Laborers, 1 Mason
Carpenters
Electricians
Curing Man
Helpers
Ironworkers

Laborers, 2 Masons

Laborers. 1 Mason



CRAFT REQUIREMENTS:

8l. Form Work Columms

82. Cure Block Masonry Walls

83. Pour Conc. in Columns

84, Cure Lintels

85. Form Work Roof Slab & PL Reinf.

86. Form Work Roof Beams & PL Reinf.

87. Dummy

88. Set Conduits in Beams & Slab

89. Strip and Cure Columms

90. Pour Roof Beams & Roof Slab

91. Cure Roof Beam & Roof Slab

92. Strip Form Work Roof Beam &

Roof Slab

93. 1Install Door Frames

94. Install Plumbing Fixtures

95. Pull Wire

96. Form Work Stairs

97. Install Window Frames

98, Test Piping Systems

99. 1Install Receptacles
100. 1Install Control Panel Box
101l. Place Reinf. for Stairs
102. Dummy

103. Lead Time
104. 1Interior Plaster
105. Testing Int. Wiring Circuits, etc.
106. Pour Conc. Stairs
107. 1Install Ceramic Tiles in Toilets
108. Dummy
109. Mozaic or Terrazo Flooring
110. Iead Time
111. Install Hand Rail for Stairs
112, Strip Form Work & Cure Stairs
113. Cutting & Grlndlng Terrazo Floors
114. Dummy
115. Form Work Overhead Wtr. Reser.
116. 1Install Block Masonry Parapet

Wall

117. 1Install Doors & Windows
118. 1Install Toilet Fixtures
119. Complete Balance of Woodwork
120. Place Reinf. Overhead Wtr. Reser.

121. Dummy
122. Dummy
123. Dummy

124, 1Interior Painting

125. Pour Conc. Overhead Wtr. Reser.

126. Exterior Plaster, Curing, Incl.
Wtr. Reser.

o MEFOOONNNNN NOMNMHNOWONEFHOMNOOHHFHFHENFHFFEFNNN NMHEMNMNO oo ~NHnEN
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Scaffolding Men
Curing Man
Laborers, 1 Mason
Curing Man
Scaffolding Men,
2 Ironworkers
Scaffolding Men,
2 Ironworkers

Electricians

Laborers, 1 Curing Man
2 Laborers, 3 Masons

Curing Men

Laborers
Carpenters
Plumbers
Electrician
Scaffolding Man
Carpenters
Plumber
Electrician
Electrician
Iron Worker

Laborers, 3 Masons
Electrician

Laborers, 2 Masons
Laborers, 1 Mason

Laborers, 4 Masons

Carpenters
Laborer
Machine Men

Scaffolding Men

Laborers, 1 Mason
Carpenters
Plumbers
Carpenters
Ironworkers

Painters
Laborers, 1 Mason

Laborers, 2 Masons



CRAFT REQUIREMENTS:

127.
128,
129.
130.
131.
132.
133,
134,
135,
136,
137
138.

139.
140.
141.
142,

Roofing & Curing

Curing Overhead Wtr. Reser.
Dummy

Install Cut Stomne

Install Furnishings
Install Electrical Fixtures
Polish Floors

Dummy

Exterior Painting

Dummy

Dummy

Interior Finishing

Complete all Exterior Work
Dumm

Dummy

Punchlist

COOF HOOFOWMNWLWNOHN

70

Laborers, 1 Mason
Curing Man

Stone Fixers
Furnishers

Electricians
Machine Men

Painters
Carpenter, 1 Plumber,

1 Electrician
Laborers
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ESTIMATED COST OF ACTIVITIES

The traditional method has been used in estimating
the cost of the activities aﬁd that is by taking off material
quantities from the drawings, by assigning material costs,
labor costs, overhead costs and estimated costs of super-
vision and equipment. The summation of costs of activities
results in the total cost of completing the project. 1In
this report, cost estimates are very approximate.

Cost of activities is indicated in Rupees, which is a
Pakistani currency and the conversion is that $1.00 is
equal to Rupees $10.00. Abbreviation RS is used for Rupees.

The arrow network of the project is broken up into three
portions. The cost of activities calculated are used for
cost control computations for the first portion of the net-

work only.



ESTIMATED COST OF ACTIVITIES:

First Portion of Network

Node

L X
- - -

- - -

- B W -

(Vo lo N e WO, gl o gl U]

2z
e}

o~ Le

Descriptioﬁ

Move In

Survey Layout & Mobilization
Rough Grading

Overhead Pole Line

Ungr. Wtr. Piping from Main Line
Wtr. Tank Fdns.

Exc. for Sewers & Manholes
Pull in Power Feeder
Connect Piping

Erect Water Tank

Install Sewers & Manholes
Install Control Panel Box

Tank Piping Valves

Backfill .

Building Layout

Exec. Ungr. Wtr Reser.

Exc. Boundary Wall

Purchase & Delivery Aggregate & Steel

Lead Time

Exc. Fdns. Isolated Footings

Dummy

Dummy

Exc. Grade Beams

Dummy

Dummy

Lead Time

Lead Time

Pour 4" Thick Slab for Footings

Pour Grade Beam Base Layer

Pour Conc. Base for Boundary Wall

Pour Conc. Base for Ungr. Wtr. Reser.

PL Reinf. Footings

Form Work Grade Beam

Install Block Masonry Boundary Wall

PL Reinf. for Base Slab & Walls Ungr.
Wtr. Reser.

Form Work Isolated Footings

Pour Grade Beams

Curing Boundary Wall

Form Work Walls Ungr. Wtr. Reser,

Pour Isolated Footings

Strip Form Work Isolated Footing

Cure Grade Beams

Plaster Boundary Wall

Pour Base Slab Wall Ungr. Wtr. Reser.

Strip Form Work Isolated Footings

Cure Footings

Dummy

Damp Proofing Plinth

80

Estimated
Cost (RS)

500
3,000
1,000
2,000
2,000
1,000

100

100
1,000
3,000
2,000

200

200

100
2,000

200
1,000

60,000

500

700

600
1,200
1,000

200

300
2,500
2,000

400
1,200

400

200

300

400

200

200
1,200

200

100

200

300



ESTIMATED COST OF ACTIVITIES:

Second Portion of Network

Node WNo.

374
38,

54
L2

41
41
43
4l
45
44
49
50
L6
47
L8
L8
51

50
54
52

53

54
55
57

56
58

58
59
60
62

60
61
62

64
63
65
68
69
66
67
67
69

Description

Curing Boundary Wall
Cure Base Slab & Walls Ungr.

Wtr. Reser.
Dummy
Dummy
Inst. Ungr. Slab Conduits
Inst., Ungr. Slab Plumbing
Form Work Roof Slab Ungr. Wtr Reser.
Dummy
Purchase & Delivery Stone for Pckg.
Compact & Backfill
PL Reinf. Roof Slab Ungr. Wtr. Reser.
Lead Time :
Pour Roof Slab Ungr. Wtr. Reser.

Strip Form Work Walls Ungr. Wtr. Reser.

Strip Form Work & Cure Roof Slab Ungr.
Wtr. Reser.

Dummy

Stone Packing & Compaction

Coating With Damp Proof. Mat. Ungr.

Wtr. Reser,.

Int. & Ext. Plaster & Curing Ungr. Wtr.

Reser.

Backfill & Compact (Ungr. Wtr. Reser.)

Pour Conc. Base Slab on Plinth

Purchase Wood for Dr. Bucks, Windows
and Window Frames

Cure Base Slab

Install Block Masonry Part. Walls up
to 3" Ht.

Construct Door Bucks

Install Conduits in Masonry Walls

Cure Block Masonry Walls

Install Dr. Bucks & Wind. Frames With
Mtl. Anc. to Part. Walls

Dummy

Erect Reinf. for Columns

Install Block Masonry Walls up to 7' Ht.

incl. Form Work
Pour Lintels on top of Wind. Openings
Form Work Columns
Cure Block Masonry Walls
Pour Conc. Column
Cure Lintels
Form Work Roof Slab
Form Work Roof Beam
Dummy
Set Conduits in Beams & Slabs

81

Estimated
Cost (RS)

200
200

1,000
800
300

3,000
200
200
150
100
400

500
100

300
50
500

30,000
200

500
600
500
200

200

600

1,000
600
800
200
300
200

2,100

3,200

500



ESTIMATED COST OF ACTIVITIES:

Third Portion of Network

Node No.

68,
69,
70,

69
70
7L
72
73
74
75
77
78
79
76
80
81
79
82
84
85
86
83
84
87

94

88
89
90
89
91
97
92
93
95
96
95
95
95
1D
98
99

100
103
100
102
104
105
106
103
107

Description

Strip & Cure Column

Pour Roof Beams & Roof Slab

Cure Roof Slab & Roof Beams

Strip Form Work Roof Slab & Roof Beams

Install Door Frames

Install Plumbing Fixtures

Pull Wire

Form Work Stairs

Install Window Frames

Test Piping Systems

Install Receptacles

Install Control Panel Box

Place Reinf. for Stairs

Dummy

Lead Time

Interior Plaster

Testing Int. Wiring, Circuits, etc.

Pour Conc. Stairs

Install Ceramic Tiles in Toilets

Dummy

Mozaic or Terrazo Flooring

Lead Time

Install Hand Rails for Stairs

Strip Form Work & Cure Stairs

Cutting & Grinding Mozaic Floors

Dummy

Form Work Overhead Wtr. Reser.

Install Block Masonry Parapet Wall

Install & Construct Doors & Windows

Install Toilet Fixtures

Complete Balance of Wood Work

Place Reinf. Overhead Wtr. Reser.

Dummy

Dummy

Dummy

Interior Painting

Pour Conc. Overhead Water Reser.

Ext. Plaster & Curing incl. Overhead
Reser.

Roofing & Curing

Cure Overhead Wtr. Reser.

Dummy

Install Cut Stone

Install Furnishings

Install Elect. Fixtures

Polish Floors

Dummy

Ext. Painting

82

Estimated
Cost (RS)

300
2,500
800
600
400
1,000
300
200
600
60
250
300
100

4,500
30

150
3,000
7,000

300

200
1,000

500

800

200
7,000

1,000
200

8,000
200

3,200
1,000

200
1,000
2,000

4,000
500

3,000
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ESTIMATED COST OF ACTIVITIES:

Third Portion of Network

) Estimated
Node No. Description Cost (RS)
104, 106 Dummy -
105, 106 Dummy --
106, 108 1Int. Finishing 1,000
107, 109 Comp. all Ext. Work, Gate, Garden,
Lighting, Parking, etc. 3,000

108, 110 Dummy e
109, 110 Dummy -
110, 111 Punchlist 1,000
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COST CONTROL

Cost Control of Project Costs is set up on the basis of
the CPM activities. The basis of CPM Cost Control is the
network with activity costs assigned. The actual cost of
work to date is compared with the cost estimates. This
requires the collection of actual costs on an activity basis.
Cost Control Methcd helps in assessing the cost of project
until the present time and also in forecasting the future
project cost.

A table is set up for the completed activities and the
activities to be completed giving details of estimated total
cost, cost to date, estimated cost to complete, actual total
cost and cost variation. (See Tables 7a and 7b)

Another table is set up for activities' original estimate,
actual or new estimate, activity variation, percent activity
variation and project variation percent. (See Tables 8a and 8b)

Having this actual information, comparing it with estimated,
the final cost can be forecast by two different methods which
are as follows:

1. The summation of Column 6 (Project Variation Percent)
yields a percentage which indicates whether the project is
overrun or underrun. Positive sign indicates overrun and a
negative sign indicates underrun. (See Tables 8a and 8b)

2. The summation of Columm 4 (Activity Variation) divided
by the total estimated cost, multiplied by 100 also yields
the percentage which indicates whether the project is overrun

or underrun. (See Tables 8a and 8b)
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Final Project Forecast

Percentage of Overrun Estimated Cost to This Date , 1qg
or Underrun of the =- Estimated Project Cost
Estimated Project Cost

Final Project Percentage of Project Overrun
Percentage _ or Underrun to Date % 100
Overrun or - Percentage of Project Overrun
Underrun or Underrun of the Estimated Cost

To illustrate the above, first a portion of the original network

—

is chosen.



Node .
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- &

- W W W e W W W

CONONEEEFWLN

COST OF ACTIVITIES FOR THE FIRST PORTION

=
o

Vo~NouhEFwN

OF THE PROJECT

Description

Move In

Survey Layout & Mobilization
Rough Grading

Overhead Pole Line

Ungr. Wtr. Piping from Main Line
Wtr. Tank Fdns.

Exc. for Sewers & Manholes
Pull in Power Feeder

Connect Piping

Erect Water Tank

Install Sewers & Manholes
Install Control Panel Box
Tank Piping Valves

Backfill

Building Layout

Exc. Ungr. Wtr. Reser.

Exc. Boundary Wall

Purchase & Delivery Aggregate & Steel

Lead Time

Exc. Fdns. Isolated Footings

Dummy

Dummy

Exc. Grade Beams

Dummy

Dummy

Lead Time

Lead Time

Pour 4" Thick Slab for Footings

Pour Grade Beam Base Layer

Pour Conc. Base for Boundary Wall

Pour Conc. Base for Ungr. Wtr. Reser.

PL Reinf. Footings

Form Work Grade Beam

Install Block Masonry Boundary Wall

PL Reinf. for Base Slab & Walls Ungr.
Wtr. Reser.

Form Work Isolated Footings

Pour Grade Beams

Curing Boundary Wall

Form Work Walls Ungr. Wtr. Reser.

Pour Isolated Footings

Strip Form Work Isolated Footing

Cure Grade Beams

Plaster Boundary Wall

Pour Base Slab Wall Ungr. Wtr. Reser.

Strip Form Work Isolated Footings

Cure Footings

Dummy

Damp Proofing Plinth

86

Estimated
Cost (RS)

500
3,000
1,000
2,000
2,000
1,000

100

100
1,000
3,000
2,000

200

200

100
2,000

200
1,000

60,000

-

500

700

600
1,200
1,000

200

300
2,500
2,000

400
1,200
400
200
300
400
200
200
1,200
200
100
200

300
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CALCULATIONS

1. Total Project Estimated Cost = RS 205010/-
2. Overrun or Underrun Percentage:
a) Column 6 of the Table yields a value of -1.263%
which means that the point in time where project

was checked it is underrun by 1.263%.

b) This could be checked by another method and that is

Sum of Activity Variation . jqq
Total Estimated Cost

2595 .
St = 1.263%
765010 * L°0°

The above results coincide with the result calculated

by method (a)

.. It concludes that the project is underrun by 1.263%.

3. Final Project Cost:

Underrun Percentage _ Estimated Cost to This Pt. 4 100
Up to This Point Estimated Project Cost

23700 = &5, 70
705010 * -%° b

S Overall Underrun Percentage - 1.263 x 100 = 2.76%
Until Completion of Project L5.70

Therefore, project is underrun by an amount = RS 5658.276

Hence, the anticipated project cost = RS 199,351.724
Similarly cost can be checked at other points of the

project and forecast of future costs could be made.
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MINIMUM COST OF EXPEDITING

A portion of the network of the whole project has been
used to illustrate as to how the minimum cost of the project
can be expedited. It can be achievéd in two ways:

1. By expediting costs on activity basis.

2. By expediting costs on overall project basis.

COST OF EXPEDITING AN ACTIVITY

The network is examined for cost expediting on activity

basis as follows:

Step 1

A Table is prepared for the normal time and crash time
for expediting the operations. WNormal Time is the duration
in which an operation is executed, i.e., with ordinary man-
power, etc. Crash Time is defined as the shortest time within
which an activity can be accomplished by using a larger crew,
overtime, or extra shifts--or all three. Thus, when the
project is executed on crash basis, the cost of activities
increases, thereby resulting in higher costs but shorter
project completion time. This higher cost is due to the
premium time costs, inefficiency of large crews, increased
material costs (such as extra form, high early strength

cement) , etc.



5

6, 12
7, 10
8

, 11

12

10, 12

11, 12

12, 13

Step 2

Earliest Start Times, Latest Finish Times and Floats

are calculated for the mormal plan and the full crash plan

(See Table 9).

Description

Move In

Survey Layout &
Mobilization

Rough Grading
Overhead Pole Line

Ungr. Wtr. Piping
From Main Line
Wtr. Tank Fdns.

Exc. for Sewers &
Manholes

Pull in Power Feeder
Connect Piping
Erect Wtr. Tank

Install Sewers &
Manholes

Install Control
Panel Box

Tank Piping & Valves
Backfill

Building Layout

Normal

Time

-]

w N N~

the networks (Fig. 6 and Fig. 7).

Method of
" Expediting

Overtime

Extra Crews, Overtime

Extra Crew, Overtime

Extra Crew, Overtime

Extra Men

Extra Men

Extra Crew & Overtime
Extra Men

Extra Men

Extra Crews & Overtime

93

Crash
Time

N

EPO's, LPO's and the durations are shown on



NORMAL PLAN

94

FIG. 6



. (EEEEE IREEEE
TEETIES

FULL GCRASH PLAN

95

FIG. 7
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Step 3
The Normal and the Crash Results are Compared, as shown in Table 2.
TABLE 9
Normal Crash Crash Normal Normal Crash
Activity E:S. E.S. L.F. L.F. Float = Float
1, 2 0 0 2 3 0 0
2, 3 3 2 3 5 0 0
3, 4 5 3 5 10 0 | 0
4, 5 10 5 7 15 3 0
L, 6 10 = 8 15 4 2
b, 7 10 5 Z 14 0 0
L4, 8 10 5 6 - 13 1 0
5, 9 12 6 8 16 3 1
6, 12 11 6 9 17 L 2
7; 10 14 7 8 L6 0 0
8, 11 12 6 8 16 1 0
9, 12 L3 7 9 17 3 1
10, 12 16 8 9 17 0 0
L, 12 15 8 9 17 1 0
12, 13 17 9 10 19 0 0

Note: The project crash duration is 9 days shorter than normal.



Step 4
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Normal and crash cost of activities table is set up and

by plotting graphs between cost and time, the costs can be

estimated for wvarious durations.

Node Normal
No. Cost

* 1, 2 500

* 2. 3 3,000
* 3, 4 1,000
4, 5 2,000

L, 6 2,000

* 4L 7 1,000
4, 8 100

5, 9 100

6, 12 1,000

* 7, 10 3,000
8, 11 2,000

9, 12 200

* 10, 12 200
11, 12 100

* 12, 13 2,000
TOTAL 18,200

TABLE 10

Description

Move In

Survey Layout &
Mobilization

Rough Grading

Overhead Pole Line

Ungr. Wtr. Piping
From Main Line

Wtr. Tank Fdns.

Exc. for Sewers &
Manholes

Pull In Power Feeder

Connect Piping

Erect Wtr. Tank

Install Sewers &
Manholes

Install Control
Panel Box

Tank Piping & Valves
Backfill

Building Layout

Source of
Extra Cost

Overtime

Extra Crews &
Overtime

Extra Crews &
Overtime

Extra Men

Extra Men

Extra Men

Extra Crew &
Overtime

Extra Men

Extra Crew

Extra Crew &
Overtime

*Indicates activities on the critical path.

Crash
Cost

750
5,100

2,400

3,200
2,000

2,000
200

100
1,500

5,800
3,000

200

200
100
3,800



COST OF EXPEDITING AN ACTIVITY (Cont'd)

Since the project crash duratidn has reduced by nine days
hence the crash cost to pick up nine days is RS 12150/- or
RS 1350/- per day. However, if it is not desired to expedite
the completion of the project by nine days, then by using the
linear connection between Normal and Crash points of activ-
ities, economical solutions can be obtained, e.g., as shown
in the plot below for activity 3, 4, the Normal Cost is
RS 1000/-, the Crash Cost is RS 2400/-; hence, for a cost
difference of RS 1400/-  the operation is expedited three days,
or at an average cost of RS 466.67/- per day. Also, if it is
desired to complete this activity in four days or three days,
the cost respectively can be obtained from the plots. Similarly,

all the activities can be expedited.

_ PLOTS OF COST-TIME RELATIONSHIP

Assumption in linear relationship between normal and

crash points.

ACTIVITY 3, &4 ACTIVITY L4, 7
22500 i CRASH w2000k CRASH
2000 ® 1500
:5 ISO0F ~ 1000 NORMAL
2 10007 NORMAL & so00}
500 4 4 ] (& ] | I 1
012 345 o123 4
TIME, DAYS TIME, DAYS
At day 4, cost = RS 1466.67 ' At day 3, cost = RS 1500/-
At day 3, cost = RS 1933.33

Fig. 8
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COST OF EXPEDITING THE PROJECT:

The network is examined for expediting the cost of the
project as follows:

1. Table 11 lists the normal and crash information
developed previously in columns 1 to 5. Column 6 of the
table lists the cost of expediting each activity per day.
This is computed by dividing the difference in crash and
normal costs by the difference in normal and crash times.
Column 7 lists the normal total float for the network.
Columns 8 to 16 list the floats as the project duration is
reduced by one day, i.e., by shortening the activities on
the critical path with the least cost.

2, Table 12 lists the activity durations with reduced
time and also indicates the order in which the activities on
the critical path have been shortened.

3. Table 13 lists the cost of activities on the critical
path for the project to be expedited one day. Selection of
least cost is in&icated by the encircled figures.

4, Figure 9 shows the plot of various solutions for
expediting the project. "x'" indicates the possible solution
available while the dot indicates the minimum cost. The
line connecting the dots gives the least cost of expediting
the project.

5. Figure 10 shows the plot of the project costs versus

the time obtained from the above analysis.
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PROJECT COSTS WITH REDUCED TIME

Hence, the project costs calculated from the least

~cost analysis are as follows:

Completion Time Project Cost
19 RS 18,200
18 RS 18,450
17 RS 18,916.67
16 RS 19,383.33
15 RS 19,850
14 ' RS 20,350
13 RS 20,850
12 RS 22,750
11 RS 24,850
10 _ RS 28,650

Note:

Note the crash cost calculated by this method is
RS 28,650/-, while the total crash cost value is RS 30,350/-.
This clearly points out the fallacy of a total crash program
which expedites activities which have no need to be shortened.
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UPDATING

A portion of the original project's network is used to

illustrate the technique of updating the project. Assume

that the project has been in progress for 35 working days.

According to the original schedule, if each operation were

started at its Earliest Start Times and there were no delays

or speed ups during the 35 days, the following list would

describe the standing of the project at the end of the 35th

working day.

Lis

Operations (1,2), (2,3, (3,4, 4,5, 4,6, 4,7,
4,8, (5,9, (6,12), (7,100, (8,11, (9,12), (10,12),
(11,12), (12,13), (13,1, (13,15, (13,19, (13,16),
(13,18, (14,19), (15,19, (16,17), (17,19), (18,19),
(19,22), were completed.

Operations (19,20) have been in progress 1 day and
will be completed in 4 days.

Operations (19,21) have been in progress 1 day and
will be completed in 4 days.

Operations (20,23), (21,24), (21,25), (22,26), (23,27),
(24,28), (25,29), (26,30), (27,31, (28,32), (29,33,
(30.,38Y, (31,35), (31,:30) ; €32,37), (33,38, (34,40),
(34,41), (35,36), (36,39), were not started.

Instead of the above conditions, assume that the following

is actually what has happened during the first 35 working days.

l.

Operations (1,2), (2,3, (3,4, 4,5, 4,6, 4,7,
(4,8, (5,9, (6,12), (7,10), (8,11), (9,12). (10,12),
(11,12, (12,13), (13,15, were completed as originally
scheduled.

Operations (13,14) have been in progress 2 days and
will be completed in 4 more days.

Operations (13,18) have been in progress 4 days and
will be completed in 2 more days.

Operations (16,17) have been in progress 6 days and
will be completed in 3 more days.
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Operations (13,19) (Delivery) have been delayed
drastically and the supplier estimates that the
delivery would require 5 days from this day.

Operations (19,22) have been revised from original
estimates of 1 day to an estimate of 2 days.

Operations (26,30) have been revised from original
estimates of 5 days to an estimate of 7 days.

Operations (32,37) have been revised from original
estimates of 8 days to an estimate of 10 days.

Operations (25,29) have been revised from original
estimates of 2 days to an estimate of 1 day.

™~
No other operations have been started and the original
time estimates for these operations still appear
accurate.

This information is summarized in the Table.

TABLE 14
(L (2) (3)
Operations
Completed Now in Operation Not
Operations Process Yet Begun
Day of Days to Estimated
Operation No. Completion Complete Days to Perform
1y 2 3
2, 3 2
3, 4 5
4, 5 2
4, 6 1
4, 7 kL
4, 8 2
5, 9 1
Gy 12 2
7, 10 2
8, 11 3
9, 12 1
10, 12 L
11, 12 1
12, 13 2
13, 14 L
13, 15 15
13; 19 5
13, 16 5
13, 18 2
(Dummy) 14, 19 - - _—
15, 19 -- -- --
16, 17 3
(Dummy) 17, 19 -- - --



Operation

(2)
Operations
Now in
Process

L

Completed
Operations

Day of
Completion

Days to

No. Complete
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<))

Operation Not
Yet Begun

Estimated
Days to Perform

(Dummy) 18, 19

(Dummy)

( Dummy)
(Dummy)

(Dummy)

(Dummy)

Note:

19,
19,
20,

Ly,
45,
46,
46,
47,
48,
49,
50,
51,
52,
53,

20

The days are in working days.

b
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This information is placed on the original network.
First the time of the update, i.e., 35 is entered as the
Earliest Start Time for the beginning operation. Next, zero
duration is entered for the completed operations. For the
operations which are in process, the remaining duration to
complete is placed on the network and finally the estimated
duration time for the operations which have not been started
is entered. Then with new durations, the EPO's and LPO's
are calculated and critical path is determined.

In case the updating of the project network results
in the change in critical path, this indicates that the
attention must be diverted from pushing the operations on
the original critical path to those on the updated critical
path, if the project is to be completed in the revised

completion time.
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ORIGINAL NETWORK

FIG. Ila



L1l

FIG. 11b
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FIG. 12 Db
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CONCLUSIONS

Conclusions drawn from the theory of CFM are as
- follows:

1. Management support is essential for successful
‘application.

2. The planner has to incorporate his knowledge of
CPM with practical aspects of the job, cooperating with
those people who are directly involved in the werk.

3. To prove CPM to be a successful guide and an effect-
ive utilization technique, the participants are required to
follow it faithfully.

k. From the experience so far it has been proved that
if CPM is applied properly it produces a saving that justifies
the expenditure necessary for the planning.

Conclusions drawn from the numerical example are as
follows:

1. The actual cost incurred on the project was
RS 220,000/.

2. Cost calculated by the use of CPM comes out to be
RS 205,010/.

3. This cost difference is obviously by merely sequenc-
ing the operations only. If the whole project had been
subjected to the least cost method the difference would have
been even more significant.

L. The actual project completion time was 360 days.
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5. Coﬁpletion time calculated with the help of CPM
is 296 days.

6. If the cost controls, least cost of expedition
method, progress controls had been applied to the project

it would have resulted in saving of time and money.
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MANPOWER LEVELING

There are two programs in this system. The first computes
the critical path and puts the output on SYSLST & SYS001l (for
use in the manpower leveling). The manpower leveling uses
a trial and error algorithm. When all possible improvement
has been made, two reﬁorts are printed. The first one gives
a list of manpower usage by craft for all times at which there
is a change in manpower. The second gives a schedule for
starting the jobs in order to achieve the minimum manpower
fluctuation.

The trial and error algorithm consists of two steps.

Step 1 distributes the float among the various jobs. Step 2
tests for each non-critical job, whether moving to another
start date will decrease the manpower fluctuations. If so,
the job is moved. The program cycles through the network
until it goes through the whole netowrk without any improve-

ment. At this point the output phase begins.

INPUT/OUTPUT FORMAT

A. Input
ce 1-3 I-node
L-6 J -node
7-10 Duration (l4 Format) can be in any units
11-30 No. of men/craft (2 Columns/craft)
31 Blank (except for card after last job)
32-80 Description
B. OQutput

1. CPM output (on printer)

I, J, D, Craft Requirements, Description, Early
Start, Early Finish, Late Start, Late Finish,
Total Float, Free Float.
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2. Manpower Leveling Output (printer)

a)

b)

1, J, D, Craft Identification, Description,
Start Time.

Table of number of men required in each
craft at any time there is a change in the
number of men required.
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ABSTRACT

A basic approach to CPM is presented, emphasizing and
underlining the basic concepts. The mathematics of the
network analysis as it is applied to critical path compu-
tations are illustrated. The fundamental structure can be
visualized as a network in which points or nodes correspond
to events and arrows correspond to activities. This
fundamental structure is convenient in expressing the
sequence, and interrelationships existing in the project.
This report describes fhe application of the Critical Path
Method in scheduling and planning and its use as a manage-
ment tool in the construction industry. A tool of this
type has economic justification within the construction
industry since each job is unique and requires a different
planning approach. CPM as a tool is not limited to specific
project areas, but can be utilized throughout the project
management, engineering procurement and construction levels.
The types of CPM output and presentation are important and
each project level has its own preference and needs. Although
80% of the effort in CPM is spent in activity analysis and
network preparation, which requires essentially construction
judgment, practical experience and common sense, still its
use with appreciable competence results in saving in time and
money and an orderly execution. A construction project
(Defense Society Bungalow, Karachi, Pakistan) is presented
to illustrate a few applications of CPM techniques in which

the basic concepts are incorporated.



